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Molecular formula:  C4H11NO2

CAS Number:  111-42-2    Molecular Weight:  105.14

Synonyms: 2,2'-iminodiethanol; 2,2'-iminobisethanol; diethylolamine;

bis(hydroxyethyl)amine; 2,2'dihydroxydiethylamine; 2,2'-aminodiethanol

ABSTRACT

Diethanolamine is a high-production chemical used in cosmetics, in cutting fluids, as a

dispersing agent for agricultural chemicals, and as an absorbent for acidic gases.  Toxicology
studies of diethanolamine were conducted in F344/N rats and B6C3F1 mice of both sexes for 2

weeks (5/sex/species/dose) and 13 weeks (10/sex/species/dose) to characterize and compare

the effects of oral and dermal exposure.  In addition to histopathology, evaluations included

clinical pathology, urinalyses, and sperm morphology or vaginal cytology.  In vitro genetic toxicity

studies included assessments of mutagenicity in Salmonella typhimurium and mouse lymphoma

L5178Y cells, analysis of chromosomal aberrations and sister chromatid exchange in Chinese

hamster ovary cells, and determination of micronuclei formed in mice during the 13-week dermal

exposure study.

Groups of rats and mice received drinking water containing diethanolamine at concentrations of

up to 10000 ppm during studies of 2 or 13 weeks duration.  In the 2-week studies, rats and mice

of both sexes received in the were 0, 630, 1250, 5000, and 10000 ppm diethanolamine in the

drinking water.  In the 13-week studies, rats received 0, 320, 630, 1250, 2500, and 5000 ppm

(males) or 0, 160, 320, 630, 1250, and 2500 ppm (females) in drinking water; male and female

mice received 0, 630, 1250, 2500, 5000, and 10000 ppm.  All female rats in the 2 highest dose

groups and 2 males in the 10000 ppm group in the 2-week study died before the end of the study.

In the 13-week study, deaths of mice occurred in the 3 highest dose groups; 2 male rats in the

top dose group also died.  Surviving animals in the higher concentration groups in both studies

exhibited depressed weight gains.  Rats receiving diethanolamine developed a poorly

regenerative, microcytic anemia in both studies.  In the 2-week study, dosed male and female

rats had increased kidney weights, renal tubular cell necrosis, and decreased renal function;

rats in the 13-week study also showed increased incidences or severity of nephropathy, tubular

necrosis, and mineralization.  Degeneration of the seminiferous tubules of the testis was noted

in dosed males in both the 2- and 13-week studies, and sperm motility and count were

decreased in the 13-week study.  Demyelination in the brain (medulla oblongata) and spinal cord

was observed in male and female rats in the 13-week study.  In mice, dose-dependent increases

in liver weight were observed in males and females in the 2-week study; cytologic alteration and
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necrosis of individual hepatocytes were observed in the highest dose group.  In the 13-week

drinking water study in mice, nephropathy and tubular necrosis were observed in males, and

degeneration of cardiac myocytes, and hepatocellular necrosis were seen in males and females.

Cytologic alteration in the submandibular salivary gland was noted in male and female mice.

Hepatocyte cytologic alteration also was noted in all dosed groups of mice.

In the 2-week dermal studies, groups of rats and mice were administered daily doses of

diethanolamine in 95% ethanol, ranging from 160 to 2500 mg/kg for mice, and from 125 to 2000

mg/kg for rats, 5 days per week.  In 13-week studies, dermal doses ranged from 32 to 500 mg/kg

for rats, and from 80 to 1250 mg/kg for mice.  In the 2-week study, early deaths of male rats and

male and female mice occurred in the highest dose groups and in female rats in the 2 highest

dose groups (1000 and 2000 mg/kg).  Body weight gains were reduced in rats and mice in the

higher dose groups.  Early deaths in the 13-week study were observed in the highest dose groups

of rats (500 mg/kg) and mice (1250 mg/kg).  Body weight gains were reduced in rats and mice

given the higher doses.  Rats in the dermal studies exhibited dose-dependent hematologic and

renal function changes similar to those observed in rats in the drinking water study.  In

addition, in the 2-week study, rats exhibited ulcerative skin lesions at the site of application,

accompanied by inflammatory cell infiltration, hyperkeratosis, and acanthosis (hyperplasia) of

the epidermis.  Hyperkeratosis, without ulceration, was observed in some animals.  Ulceration

at the site of application was observed in male and female mice.  Acanthosis, without ulceration

or inflammatory cell infiltration, was observed in mice in all lower dose groups.  In the 13-week

study, skin lesions at the site of application included ulceration and inflammation,

hyperkeratosis, and acanthosis.  Liver weights were increased in male and female rats, but there

were no associated histopathological changes.  Other treatment-related effects observed in rats

included demyelination in the brain and spinal cord, and nephropathy, renal tubular necrosis,

and/or tubular mineralization; mice exhibited cytological alterations in the liver and/or

hepatocellular necrosis, renal tubular epithelial necrosis, and cardiac myocyte degeneration.

In in vitro genetic toxicity studies, diethanolamine was not mutagenic in Salmonella typhimurium

or mouse L5178Y TK+/- cells.  Diethanolamine did not induce sister-chromatid exchanges or

chromosomal aberrations in Chinese hamster ovary cells, nor did it induce micronuclei in

peripheral blood erythrocytes in mice exposed by topical application for 13 weeks.  All in vitro

studies were conducted with and without S9 activation.

Target organs of diethanolamine toxicity identified in these studies included bone marrow,

kidney, brain, spinal cord, testis, and skin in rats, and liver, kidney, heart, salivary gland, and

skin in mice.  A no-observed-adverse-effect-level (NOAEL) was not achieved for hematological

changes or nephropathy in rats (< 160 ppm), or for cytologic alteration of the liver in mice (< 630

ppm) in the drinking water studies.  In the dermal studies, a NOAEL was not achieved for

hematological changes, nephropathy, or hyperkeratosis of the skin in rats (< 32 mg/kg), or for

cytologic alteration of the liver or acanthosis of the skin in mice (< 80 mg/kg).
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Summary of Peer Review Comments

Dr. R.L. Melnick, NIEHS, introduced the short-term toxicity studies of diethanolamine by

reviewing the uses, experimental design, and results.

Dr. Carlson, a principal reviewer, said this was a well-written report.  He questioned the

statement that a NOAEL was not achieved for female mice in the dermal studies, commenting

that 80 mg/kg appeared to be a NOAEL based on lack of cytologic alteration of the liver.  Dr.

Melnick agreed but pointed out that 80 mg/kg was not a NOAEL for dermal lesions.  Dr. Carlson

thought that while perhaps statistically correct, it seemed to be stretching a point to say that a

NOAEL was not observed in the rat based on hematologic studies when the change was 1

percent or less.

Dr. Garman, a second principal reviewer, agreed that this was a very well-written, thorough, and

well-documented report.  He noted that, although there were neurologic signs in rats on the 2-

week water studies, neuropathologic changes were not noted until 13 weeks and wondered if

additional stains might be warranted to be sure the clinical signs were not indicative of early

neuropathologic changes.  Dr. J.F. Mahler, NIEHS, responded that the brain sections from the 2-

week studies were reviewed with particular attention to the same areas that were affected in the

13-week studies, and no lesions were observed.  Dr. Garman asked that more precise

neuroanatomic locations be stated in photomicrographs of brain lesions.

Dr. Bailey commented that there had been extensive, long-time use of diethanolamine and

related amines in industry, primarily in formulations, and that corresponding subchronic testing

has been done.  He said he was unaware of findings of neurologic and testicular toxicity.  He

suggested that the NTP might want to solicit information on these studies, many of which would

be unpublished.

Seeing no objections, Dr. Klaassen accepted the report with the suggested editorial and other

changes on behalf of the panel.
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